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Dec. 15, 1999

March 2000

Sept. 
2005
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ORNL was responsible for integration, 
installation, commissioning and 
operation

Need a strong central team to take 
intellectual ownership of the accelerator
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• �� � �& 
� 	 " " �� � �	 � �� ' 
� � " � � �' � � 
� � �� � ( 
�� � ' � � �	 � 
	 #
� � ) 
� & � � " � 
*� 	 � � 	 �� �


�" �� ' �
( �� ' � 	 � �� � �
� 	 #) � � � 
� � � ��� � �	 � � �
+ 
,

• - � � � 
�" � 
) � � 
� � � ��� � �� 
#	 � 
�� � � 
� � ' � � 
� � � 
	 � �' �� � ��& 
� �� � � � (



5 Managed by UT-Battelle
for the U.S. Department of Energy Presentation_name

!����"�	�����������#�������$�%��	�

• . 	 / � ��� ' 
� � 
�� � ' � � � ( 
� 	 ) � � 
( � ��� � � � ( 
	 
� � 
% � � ' � �

	 � � � 
� � 
�� � 
� � � � � � �
� / � �� & � �� �

1177 MW-hrs

480 MW-hrs

210 MW-hrs

127 MW-hrs

P
ow

er
 (k

W
)

Fl
ue

nc
e 

(M
W

-h
rs

)



6 Managed by UT-Battelle
for the U.S. Department of Energy Presentation_name

!$&�

• � 
#� � 0 / � � � & 
1 ( � / � �� ' 2 
�� � �( � � �

• . / & 
#� � 	 � 
	 � � � � � ( 
� 
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Ion Source

Radio-Frequency Quadrupole

� �����

� ����� 	
 output

• 402.5 MHz
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�����

� ���� 	
 output

• 6 Tanks

•210 drift tubes

•PM quadrupoles

• 2.5 MW klystrons 
(402.5 MHz), 1 per 
tank

• Experience with PM quadrupoles is fine

• Minimal beam loss / activation observed

• Robust structure
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CCL is also a robust structure

- Issues with RF induced gate-valve failures

Some beam loss near the CCL entrance and exit

� ����

� ����� 	
 output

• 4 modules

• 48 segments

•5 MW klystrons (805 
MHz), 1 per module
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• 9 � � � � � 
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�  � 
:

• � � 
� �& � � 	 � � 
*� � ;
� < = �
;� � 
� � ,

Medium beta – 0.61

High beta – 0.81

• SCL is flexible

• Issues with accessories (HOM couplers, piezo tuners, …)

• Unexpected low level of beam loss
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60 Hz collective limit

Individual limit or low rep rate collective limit (<20 Hz) in
closed loop
Individual limit or low rep rate collective limit (<20 Hz) in
open loop

0 10 20 30 40 50 60

Electron loading 
(EG heating, gas burst, quench)

Coupler Heating

HOM 
(1cavity disabled,

 5 limited by large coupling)

Quench (hard, Eacc<10 MV/m))

Lorentz force detuning

No limits up to 22 MV/m

No. of cavities
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SRF, ß=0.61, 33 
cavities

1

from 
CCL

186 MeV

805 MHz, 0.55 MW klystron

805 MHz, 5 MW klystron

402.5 MHz, 2.5 MW klystron

86.8 MeV2.5  MeV

RFQ

(1)

DTL

(6)

CCL

(4)

����	�!$�����%�

SRF, ß=0.81, 48 cavities
1000 MeV

(81 total powered)

379 MeV

Warm 
Linac

SCL 
Linac

• Warm linac has 10 independently powered cavities
• SCL has 81 independently powered cavities

� Many values to set w.r.t. the beam
� A lot of Equipment to keep running!!!

DTL Klystron
CCL Klystron

SCL Klystrons
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Longitudinal phase advance 
through 1st DTL tank

TO
F 

C
ha
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e

RF Cavity Phase

Different RF 
amplitudes

•Each cavity has a 
unique response 
(signature) to phase and 
amplitude scans

•Phase scan signature 
matching method uses 
model to match 
measurements and 
determine RF amplitude 
and phase setpoints
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